This article deals with use of global energy sources and their environmental impacts. The energy sources have been split into three categories: fossil fuels (oil-coal-natural gas), renewable sources, and nuclear sources. Oil and gas are expected to continue to be important sources of energy. New efficient and costeffective small-scale renewable energy generation options are commercially available today. The share of renewable energy sources is expected to increase very significantly. Recently, environmental problems resulting from energy production, conversion, and utilization have caused increased public awareness in all sectors of the public, industry, and government in both developed and developing countries. The environmental impact of energy use can be seen in two ways: The utilization of limited natural resources and the stress caused by environmental pollution. To combat that environmental damage, exploring and exploiting the utilization of combustible renewables and waste would be a necessary measure for decreasing the environmental impact of energy use.
INTRODUCTION
Energy can be simply described as it is a dynamic indicator that shows the development level of the countries (Berktay et al., 2004) . World population is expected to double by the end of the 21 st century (Demirbas, 2002a) . In the developing countries, energy consumption has risen rapidly in accordance with increase in economical growth in the last decades. This trend is expected to be gone one in the near future (Balat, 2004) . Energy reserves of the world are given in Table 1 .
Energy resources are not used for their own sake, but for the services they provide. These energy services are fundamental to our modern economy; they heat, cool, and light our buildings; power our industrial processes; process our food; fuel our transport; and energize our communications and information technologies (Demirbas, 2002b) .
Total world consumption of marketed energy is expected to expand by 54%, from 404 quadrillion British thermal units (Btu) in 2001 to 623 quadrillion Btu in 2025 (EIA, 2004) . World final energy consumption in 2001 was: 39% oil, 23% natural gas (NG), 24% coal, 6% nuclear, and 8% other (EIA, 2003) . Table 2 shows energy consumption in the world.
The energy sources have been split into three categories: fossil fuels (oil-coal-natural gas), renewables, and nuclear sources. Renewable energies have been the primary energy source in the history of the human race. Wood was used for cooking, water and space heating. During the last 200 years, industrialized countries have shifted their energy consumption toward fossil fuels. The first renewable energy technologies were primarily simple mechanical applications and did not reach high energetic efficiencies. Industrialization changed the primary energy use from renewable resources to sources with a much higher energetic value such as coal and oil. The promise of unlimited fossil fuels was much more attractive and rapid technical progress made the industrial use of oil and coal economical. Renewable technologies, like water and wind power, probably would not have provided the same fast increase in industrial productivity as fossil fuels did. Oil and gas are expected to continue to be important sources of energy. The share of renewable energy sources is expected to increase very significantly (to 30-80%) (Demirbas et al., 2004a) .
FOSSIL ENERGY SOURCES
Fossil energy sources have been split into three categories: oil, coal, and NG. Fossil fuels are highly efficient and cheap. Fossil fuels supply a large part of the total primary energy use in the world, around 85% in 2001. They will account for 90% of the world's primary energy mix by 2020-up slightly on today (IEA, 2001) .
Oil is so important that publishing reserve (even production) data has become a political act. The uncertainties relating to future oil production result mainly from the poor quality of the data, as the modelling of the natural distribution fits fairly well with the past. However, consumption depends on human behaviour and economic criteria Demirbas, 1998; Demirbaş, 2002a; Demirbas et al., 2004a (Laherrère, 2003) . Global proven reserves of oil, not including unconventional oil, are estimated at about one trillion barrels (IEA, 2001) . The Middle East represents 65% of world oil reserves (BP, 2002) . Currently oil is the fastest primary energy source in the world (39% of world energy consumption). Consumption of oil in 2000 was about 28 billion barrels. Some 730 billion barrels will be needed to satisfy cumulative oil demand for the years 2000 to 2020. The volume of oil that can ultimately be recovered will increase during the projection period due to expected reserves growth and discovery of additional oil (IEA, 2001) . World oil consumption in 2001 is given in Table 3 . In the future, crude oil resources will become scarcer and the much more costly. Many non-oil producing countries are enriched with other sources of energy, such as coal, oil share, tar sand, renewable, and uranium, that are not fully utilized. Tar sand is another possible source of vast quantities of oil. Tar sands are sand deposits which are impregnated with dense, viscous petroleum (Demirbas, 2002a) .
Deposits of oilshale exist in many locations around the globe, and the use of shale oils extracted from oilshale represents a viable alternative to conventional fossil fuels for many nations. Oilshale has been used for energy for over 150 years around the world, even before the first oil wells were drilled. Deposits of oilshale exist in many locations around the globe, and the use of shale oils extracted from oilshale represents a viable alternative to conventional fossil fuels for many nations. Although there are large shale oil reserves in the world, total production of oil from oilshale is unavailable due to contents of high mineral matter (30-70%) and water (5-10%). Many oilshales can be burned directly without processing. Triditionally, shale oil has been extracted using retorting process, particularly under nitrogen sweep gas, that rely heavily on pyrolysis of kerogen and bitumen, the carbonaceous macromolecule and derivatives contained within the pores of the oilshale (Demirbas et al., 2004a) . In recent years, many studies on pyrolysis kinetics of oilshales have been carried out. Experimental methods used include differential thermal method, thermogravimetric method, Rock-Eval method, etc. These methods measure the endothermal quantity, the weight loss and the pyrolysis hydrocarbons evolved, respectively. Reaction kinetic models, including integral and differential methods have been used to treat the experimental data. With knowledge of the structural characteristics of oilshale kerogen, some other kinetic models have been reasonably developed to treat the experimental data, which are the Friedman procedure, maximum rate method, parallel first order reaction model, etc. These models can reveal the pyrolysis kinetics of oilshale kerogen (Li and Yue, 2004) .
NG is one of the most widely used forms of energy today. NG uses industrial, residential, electric generation, commercial and transportation sectors. It is commonly used to heat and cool homes and businesses NG is a very versatile fuel which can be used for space and water heating, process heat for traditionally been the predominant uses of NG, representing about 75% and 15% of NG use respectively. Table 4 shows NG use by sector.
NG is expected to be the fastest growing component of world energy consumption (Ozturk and Hepbasli, 2004) . Because it is a cleaner fuel than oil or coal and not as controversial as nuclear power, gas is expected to be the fuel of choice for many countries in the future (Balat, 2005) . Growing demand for NG is expected in all regions of the world, as resource availability, cost, and environmental considerations all favor its use. The world NG reserves were estimated at 6,076 trillion cubic feet (Tcf), 575 Tcf (or 10%) more than the estimated for 2003. NG is found around the world, but the largest NG reserves of the world is located in the Middle East. Figure 1 shows world (EIA, 2004) . NG provides 21% of the primary energy supply of Europe. This share will increase to approximately 28% in 2020 and dependence on NG imports will increase (Rempel, 2002) .
The generation of electricity is the main use of NG. NG can be used to generate electricity in many different ways. It is burned to produce heat which boils water, creating steam which passes through a turbine to generate electricity. NG power plants that generate more than a couple of 100 megawatts (MW) use the same technology as coal-fired power plants. Gas turbine power plants are rarely more than 37% efficient, releasing great amounts of excess energy (heat) into the environment. Combined cycle gas turbines (CCGTs) can reach an efficiency up to 51% (EIA, 1997). Natural gas CCGTs generate electricity using two methods, the steam cycle (SC) and the gas cycle (GC). In the SC, fuel is burned to boil water and create steam which turns a steam turbine driving a generator to create electricity. In the GC, gas is burned in a gas turbine which directly turns a generator to create electricity. Producing electricity from NG is generally more expensive than using coal, because of increased fuel costs. NG fired power plants are very versatile, however, and can follow energy demands in real time because of their short start up time in opposition with large coal fired or nuclear plants. For this reason, many electric utilities use NG to generate electricity during periods of "peak" demand, while supplying the "base-load" electricity demand with coal or nuclear power (EFS, 1993) .
The world coal consumption has been in a period of generally slow growth since the late 1980s, a trend that is projected to continue. The world coal consumption is projected to increase by 2.2 billion tons (Bt), from 5.3 Bt in year 2001 to 7.5 Bt in year 2025. Alternative assumptions about economic growth rates lead to forecasts of the world coal consumption in year 2025 ranging from 5.9 to 8.8 Bt (EIA, 2003; Balat and Ayar, 2004) . The world coal consumption is given in Table 6 . Total recoverable reserves of coal around the world are estimated at 1,083 Bt. Recoverable reserves are those quantities of coal which geological and engineering information indicates with reasonable certainty can be extracted in the future under existing economic and operating conditions. Coal deposits are widely distributed, 60% of the world's recoverable reserves are located in three countries: the United States (25%), FSU (23%), and China (12%). Another four countries -Australia, India, Germany, and South Africa -account for an additional 29%. In 2001, these seven countries accounted for 80% of total world coal production (EIA, 2004) .
Coal is often the only alternative when low-cost, cleaner energy sources are inadequate to meet growing energy demand. Developing countries use about 55% of the world's coal today; this share is expected to grow to 65% over the next 15 years. In year 2050, coal will account for more than 20% of the world's primary energy (Balat and Ayar, 2004) .
Coal has been used as an energy source for thousands of years. Coal has many important uses, but most significantly in electricity generation, steel and cement manufacture, and industrial process heating. The main uses of coal are given in Figure 2 . In the developing world, the use of coal in the household, for heating and cooking, is important (WCI, 2004) . Coal is the major fuel source used for electric power generation. Coal supplies 24% of world primary energy and around 58% of coal used globally is for electricity production. Table 7 shows electricity production from coal in the world. Many countries rely heavily on coal in electricity generation; for example, coal fired electricity comprises more than 80% of total electricity generation in Australia, China, Poland, and South Africa (WCI, 2002) . Coal-fired generating capacity in China is projected to increase by 60%, from 232 gigawatts (GW) in 2001 to 371 GW in 2025. In India, coal-fired generating capacity is projected to increase by 45%, from 66 GW in 2001 to 96 GW in 2025 (IEA, 2003 .
RENEWABLE ENERGY SOURCES
Main new and renewable energy resources are nuclear energy, biomass energy, geothermal energy, solar energy, and wind energy. Nuclear energy is a clean energy like hydropower, wind energy, geothermal energy, and hydrogen energy. Apart from hydropower, nuclear energy is the only technology available today for the intensive production of energy without carbon dioxide (CO 2 ). Hence nuclear energy is a cornerstone of the system to balance the energy mix towards non-CO 2 emitting energies. In 2001, world Total Primary Energy Supply was 10,038 million tons oil equivalents (Mtoe), of which 13.5%, or 1,352 Mtoe, was produced from renewable energy sources (IEA, 2003) . Renewable energy sources and their usage forms are given in Table 8 . The renewable energy share of total world energy consumption is expected to remain unchanged at 8% through 2025, despite a projected 56% increase in consumption of hydroelectricity and other renewable resources (EIA, 2003) . The percentage share of each renewable energy source in 2001 is given in Figure 3 . Renewable energy resources have a considerable potential for securing supply in Europe. Developing their use, however, will depend on extremely substantial political and economic efforts. In the medium term, renewables are the only source of energy in which the European Union (EU) has a certain amount of room for manoeuvre aimed at increasing supply in the current circumstances (Schaefer, 2004) . Figure 4 shows EU-25 renewable energy demand in 2002.
Increased use of renewable energy can have an important environmental effect. Nevertheless, few if any of the environmental externalities of energy use are incorporated into their cost, and this is one of the reasons that renewables cost more than competing energy sources. Energy technologies drawing on renewable energy avoid the severe environmental impacts of the fossil fuel cycle. Renewable energy technologies have made such rapid strides in performance and price that they are competitive with fossil fuel power plants in an increasing number of situations. The cost of renewable energy, although continuing to decline, is often higher than that of other energy sources. Renewable energy policies are driven by the well-recognized need for a sustainable society. Environmental programs have been formulated as a consequence of international agreements on climate change (Kwant, 2003) .
Biomass resources
Biomass is the most important renewable energy source in the world. Biomass is a renewable resource, whose utilization has received great attention due to environmental considerations and the increasing demands of energy worldwide (Demirbas et al., 2005) . Biomass provides a clean, renewable energy source that could dramatically improve our environment, economy and energy security. Biomass energy generates far less air emissions than fossil fuels, reduces the amount of waste sent to landfills and decreases our reliance on foreign oil. Technologies have advanced to be by and large pollution free. However, the use of appropriate, modern technology is critical. So there is zero to little contribution of pollution to the greenhouse effect. There is also no nuclear waste. Since biomass energy doesn't contribute anything harmful to the environment it lies very consistently with environmental protection policies. Biomass is used to meet a variety of energy needs, including generating electricity, heating homes, fueling vehicles, and providing process heat for industrial facilities. Biomass potential includes wood and animal and plant wastes. Biomass is only organic petroleum substitute which is renewable. The term 'biomass' refers to forestry, purpose grown agricultural crops, trees and plants, organic wastes, agricultural, agro-industrial and domestic wastes (municipal and solid waste) (Sürmen, 2002) .
Biomass, mainly now represent only 3% of primary energy consumption in industrialized countries. However, much of the rural population in developing countries, which represents about 50% of the world's population, is reliant on biomass, mainly in the form of wood, for fuel. Biomass accounts for 35% of primary energy consumption in developing countries, raising the world total to 14% of primary energy consumption. In the future, biomass has the potential to provide a cost-effective and sustainable supply of energy, while at the same time aiding countries in meeting their greenhouse gas reduction targets. By the year 2050, it is estimated that 90% of the world population will live in developing countries (Ramage and Scurlock, 1996) . Bioenergy is energy which is generated from vegetable material (biomass). The share of bioenergy in residential energy demand in some developing countries is greater than 90%. Improving the efficiency of its use can lead to important savings in fuelwood consumption and can prevent the rapid decline in forested areas. The total economic potential in 1990 was 5.4 Gtoe with actual consumption about five times less. Under this scenario, the bioenergy potential in 2020 could increase by 25% to 40%. Table 9 shows the bio-energy potential for 1990 (the base year) and a range of estimates for 2020 (IEA, 2001) .
In 1999, global electricity generation from biomass was 160 TWh, little more than 1% of the total energy production. Nearly all of it was in OECD countries, where it accounted for 1.6% of total generation (IEA, 2001) . It was estimated that by 2050 biomass could provide nearly 38% of the world's direct fuel use and 17% of the world's electricity (Demirbas, 2003a) . Table 10 shows the ten countries with the highest levels of bioenergy electricity production in the world.
Biofuels are made from biomass through biochemical or thermochemical processes. The term biofuels can refer to fuels for direct combustion for electricity production, but is generally used for liquid fuels for transportation. These include alcohols, esters, ethers, and other chemicals made from biomass (DOE, 2002) . In the past decade, the use of biofuels has increased dramatically to a total volume of approximately 30 billion (30 x 10 9 ) liters. The increase in the use of biodiesel has been particularly rapid, growing from essentially zero in 1995 to more than 1.5 billion liters in 2003. The use of ethanol and ethanol-derived ETBE has also grown steadily, experiencing a nearly 3-fold increase during the last decade (Stevens et al., 2004) . Brazil and the United States have the largest programmes promoting biofuels in the world. Brazil, one of the world's largest producers of sugarcane, successfully implemented a subsidized ProAlcohol programme. Brazil's bioethanol production in 2003 was 9.9 million tons-over 20 times European production. All petrol sold in Brazil contains around 25% bioethanol (EC, 2004) . The United States has used bioethanol produced from maize in fuel blends since the 1980s. The United States ethanol production, with corn as the primary feedstock, totaled 2,821 million gallons in 2003 and is projected to increase to 4,544 million gallons in 2025 (EIA, 2005) . In 2004, 3.4 billion gallons of fuel ethanol were produced from over 10% of the corn crop. Ethanol demand is expected to more than double in the next ten years. For the supply to be available to meet this demand, new technologies must be moved from the laboratories to commercial reality (Bothast, 2005) . Figure 5 shows world ethanol and biodiesel production in 1990-2003. Gasifiers are used to convert biomass into a combustible gas (biogas). The biogas is then used to drive a high efficiency, combined cycle gas turbine. Biogas energy conversion devices that are discussed are reciprocating engines, turbines, micro turbines, fuel cells, and anaerobic digesters. The most important reason for the failure of biogas technology is that the initial cost is often prohibitive for most rural households. The typical cost of a simple, unheated biogas plant, excluding the cost of land, is between $50 and $75 per cubic meter capacity (IEA, 2001) . During the year 2002, the total production of crude biogas of the countries of the EU amounted to 2,762 ktoe (thousands of tons oil equivalent) (EC, 2005) . However, biogas production used for heat or electricity stood at 2,304 ktoe in 2000 (Jansen, 2003) .
Hydrogen is produced from pyroligneous oils produced from the pyrolysis of lingocellulosic biomass (Demirbas and Caglar, 1998) . Gasification of solid wastes and sewage is a recent innovation. The gas formed with air or oxygen is reformed to hydrogen. The solid waste concept solves two problems: (1) dispolas of urban refuse and sewage and (2) a source of hydrogen powered vehicles (Veziroglu, 1975) .
Hydrogen from biomass has generally been based on the following reactions (Demirbas et al., 1996) :
Hydropower Hydropower is today the most important kind of renewable and sustainable energy (Binder, 2000) . The position of hydro plants becomes more and more important in today's global renewable technologies. The small-scale renewable generation may be the most cost-effective way to bring electricity to remote villages that are not near transmission lines. In the new millennium demand for electricity is expected to increase more rapidly than demand for other forms of energy (Dragu et al., 2001) . In developing countries hydropower is expected to be the fastest-growing renewable energy source. Hydropower will continue to be an important source of electricity generation in many developing countries (IEA, 2001) . Hydropower is critically important for many countries; hydropower produces more than 50% of electricity for 65 countries (Bergkamp et al., 2000) . Hydro electric energy is worldwide responsible for some 2600 TWh of electricity output per year, which means about 20% of the world's entire electricity demand being one of the most reliable and cost effective renewable energy source (Dragu et al., 2001) . Table 11 shows gross electricity generation from hydropower. The largest hydropower producer is Canada, followed by the United States and Norway. These three countries combined supply more than 50% of total hydropower in the OECD. In 2001, the largest hydropower generating countries were Canada (333.0 TWh), the United States (201.2 TWh) and Norway (120.4 TWh). Other big hydropower producers are Japan, Sweden, and France (IEA, 2003) . Hydropower systems use the energy in flowing water to produce electricity or mechanical energy (EREC, 2001 ). Hydro energy is the most reliable and cost effective renewable energy source. It is obviously that among all the renewable energies, hydropower occupies the place in the world and it will keep this place for many years to come (Table 12) . Today the market for small and medium sized hydroelectric power plant is more attractive than ever. The position of hydro plants becomes more and more important in today's global renewable technologies (Dragu et al., 2001) . Hydropower plants either are based on reservoirs, or are run-of-the-river plants. A run-of-the-river plant draws the energy for electricity production mainly from the available flow of the river. Typically, the average generation (firm capacity) of a run-of-the-river plant is between 55% and 60% of the rated power. Hydropower plants may be categorized to the size into large-scale, mini, or micro hydropower. Micro hydro is up to 500 kW. Mini hydro (Kaplan turbines) ranges from 0.5 to 15 MW. Hydropower plants larger than that are denoted as 'large-scale'. A different classification found in the literature is the following (Lako et al., 2003) :
-Micro (<100 kW) -Mini (100 -500 kW) -Small (500 kW − 50 MW) -Large (>50 ΜW) Hydropower is more reliable and efficient and less expensive energy source than geothermal, biomass, wind and solar energy (Ramos and Almeida, 1999) . Hydropower is often falsely promoted as cheap and reliable. While the operating costs of hydropower dams are low compared to fossil fuel plants, their construction costs are extremely high, running into the billions of dollars for major projects. They are also prone to cost overruns. The World Commission on Dams (WCD) found that on average dams cost 56% more than projected (IRN, 2003) .
Geothermal energy
Geothermal energy is clean, cheap and renewable, and can be utilized in various forms such as space heating and domestic hot water supply, CO 2 and dry-ice production process, heat pumps, greenhouse heating, swimming and balneology (therapeutic baths), industrial processes and electricity generation. Geothermal energy for electricity generation has been produced commercially since 1913, and for four decades on the scale of hundreds of MW both for electricity generation and direct use. The utilization has increased rapidly during the last three decades. In 2000, geothermal resources have been identified in over 80 countries and there are quantified records of geothermal utilization in 58 countries in the world.
The worldwide use of geothermal energy amounts to 49 TWh/a of electricity and 53 TWh/a for direct use. A new estimate of the geothermal potential of the world, gives the total potential for the resources suitable for electricity generation (resource temperature in excess of 423 K) as 11,000 ± 1,300 TWh/a, and the total potential resources for direct use (resource temperature lower than 423 K) in excess of 1400 EJ/a (390,000 TWh/a heat) (Stefansson, 1998) . Table 13 shows the status of geothermal energy. Source: Demirbas et al., 2004a Solar Energy Solar energy technologies use sunlight to produce heat and electricity (Demirbas, 2003b) . Solar energy systems are solar home system, solar photovoltaic (PV) systems, solar water heating systems, solar dryers, and solar cookers. PV systems, other than solar home systems, are used for communication, water pumping for drinking and irrigation and electricity generation. The total installed capacity of such systems is estimated at about 1,000 kW (Demirbas et al., 2004a) . Today solar sources provide around 10% of the energy used worldwide, but in the developing countries their share is still of the order of 40%. In 1999 installed PV capacity was 594 MWp in the world (Table 14) (WEC, 2001) . Nearly half the total PV capacity is used in off-grid application. This share is very high in some countries. In Mexico, almost 100% of PV capacity is used in off-grid applications. The share is 92% in Australia and 72% in the USA. On-grid applications are mostly distributed (in buildings), while centralized PV production accounts for less than 7% of total PV capacity (IEA, 2001) . Table 15 shows the countries with the highest PV capacity and its applications. In 1999, total deployment of solar thermal heating in the European Union (EU) was estimated to be 8.8 million m 2 . The USA is one of the world's largest users of solar-thermal collectors. Total shipments were 8.6 million square feet in 1999 (IEA, 2001 ).
Wind Energy
Wind power is the most rapidly growing renewable energy source. Wind is popular because it is abundant, cheap, inexhaustible, widely distributed, climate-benign, and clean-attributes that no other energy source can match (Brown, 2003) .
Grubb and Meyer have calculated global wind potential of more than 50,000 TWh per year, while Wijk and Coelingh estimate it at 20,000 TWh per year (IEA, 2001) . The global wind power industry installed 8,133 MW in 2003 (EWEA, 2004 . Table 16 Wind technology converts the energy available in wind to electricity or mechanical power through the use of wind turbines. The most important components of a wind turbine are (IEA, 2001): -the drive train, which contains the most important parts of the wind turbine: the gearbox and the generator, -the rotor, which is an assembly of blades, hub and the shaft. The blades transfer the wind's power into the hub. A low-speed shaft connects the hub to the gearbox. Power is then transferred to the high-speed shaft and drives the generator, -the tower, which carries the nacelle and the rotor, -the electronic control system, which monitors the functioning of the turbine, -the support structures, electrical interconnections and service facilities.
In retrospect, we now know that this was a gross underestimate of the potential of this renewable energy source, because it was based on the technologies of 1991. Advances in wind turbine design since then enable turbines to operate at lower wind speeds, to convert wind into electricity more efficiently, and to harness a much larger wind regime. In 1991, wind turbines may have averaged scarcely 40 meters in height. In 2004, new turbines are 100 meters tall with much longer blades that are designed to more efficiently capture the energy in wind, perhaps tripling the amount of harvestable wind (Brown, 2004) .
ENERGY AND ENVIRONMENT
The United States International Trade Administration (USITA) estimates that four subsectors of the pollution control equipment market will grow most rapidly in coming years: 1) municipal water treatment and waste water; 2) nonmarine-related hazardous wastes; 3) non-industrial air pollution; and 4) solid waste disposal. In addition, the USITA projects rapid growth in recycling and waste-to-energy markets (Balat et al., 2003) .
Recently, environmental problems resulting from energy production, conversion, and utilization have caused increased public awareness in all sectors of the public, industry, and government in both developed and developing countries (Dincer, 2001a) .
The environmental impact of energy use can be seen in two ways: The utilization of limited natural resources and the stress caused by environmental pollution. To combat that environmental damage, exploring and exploiting the utilization of combustible renewables and waste would be a necessary measure for decreasing the environmental impact of energy use (Sun, 2004) .
Growing evidence of environmental problems is due to a combination of several factors, since the environmental impacts of human activities has grown dramatically because of the sheer increase of world population, consumption, industrial activity etc. Achieving solutions to the environmental problems that we face today requires long term potential actions for sustainable development. In this regard, renewable energy resources appear to be one of the most efficient and effective solutions. That is why there is an intimate connection between renewable energy and sustainable development (Demirbas, 2000) .
The risk of climate change due to emissions of CO 2 from fossil fuels is considered to be the main environmental threat from the existing energy system. Other environmental problems are acidification and dispersion of metals originating from fossil fuels (Johansson and Lundqvist, 1999; Balat et al., 2003; Demirbas et al., 2004a; Demirbas et al., 2004b) . Fossil fuels supply a large part of the total primary energy use in the world, about 75% (Demirbas et al., 2004a) . The Kyoto Protocol to the United Nations Framework Convention on Climate Change (UNFCCC), agreed to in December 1997, marks an important turning point in efforts to promote the use of renewable energy worldwide and the developed countries should decrease the net emission of CO 2 (Demirbas, 2003b) . Emissions of CO 2 caused by human activity are generally considered the most important (IPCC, 1992) . World CO 2 emissions are expected to increase from 23,899 million metric tons in 2001 to 37,124 million metric tons in 2025 (Fig. 6) . World CO 2 emissions in 2025 would exceed 1990 levels by 72%. Combustion of petroleum products contributes 5,733 million metric tons to the projected increase from 2001, coal 4,120 million metric tons, and NG the remaining 3,374 million metric tons (EIA, 2004) .
Biomass provides a clean, renewable energy source that could dramatically improve our environment, economy and energy security. As biomass based on growing crops or trees in agriculture or forestry sequester carbon, the net CO 2 -balance from cradle to grave of the crop itself is zero, whereas fossil fuel burning causes a net contribution to the atmospheric stock of carbon (Sedjo et.al., 1995) . Wood industries and power plants generate enormous quantities of wood ash. Air toxic emissions during biomass combustion were typically very low, and often near or below detection limits. During the combustion of wood, the basic cations are transformed to their oxides which are slowly hydrated and subsequently carbonated under atmospheric conditions (Balat et al., 2003) . Biomass absorbs CO 2 during growth, and emits it during combustion. Therefore, biomass helps the atmospheric CO 2 recycling and does not contribute to the greenhouse effect. Biomass consumes the same amount of CO 2 from the atmosphere during growth as is released during combustion (i.e. biomass is considered CO 2 -neutral fuel). In addition, overall CO 2 emissions can be reduced because biomass is a CO 2 neutral fuel. Therefore, blending coal with biomass fuels can reduce fossil-based CO 2 emissions. Due to higher heat capacity of H 2 O compared to CO 2 water vapour in the atmosphere appears to be the most important greenhouse gas. Co-firing of biomass residues with coal brings additional greenhouse gas mitigation by avoiding methane (CH 4 ) release from the otherwise landfilled biomass (Sami et al., 2001; Demirbas, 2003c) . A water power plant is in general a highly effective energy conversion system. There is no pollution of the environment, but objections are raised relative to the flooding of valuable real estate and scenic areas. Whether a particular hydroelectric installation is economically competitive with a fossil fuel power plant will depend upon a number of factors, in particular, fuel and construction costs (Kaygusuz, 1999) .
GLOBAL WARMING AND GREENHOUSE GAS EMISSIONS
Global warming has been increasingly associated with the contribution of CO 2 . Currently, it is estimated that CO 2 contributes about 50% to the anthropogenic greenhouse effect. In addition to CO 2 , several other gases, e.g. CH 4 , CFCs, halon gasses, N 2 O, SO 2 , ozone, and peroxyacetylnitrate produced by the industrial and domestic activities, leading to the GHGs, can also contribute to this effect, resulting in a rise in the Earth's temperature (Dincer, 2001a) .
Several initiatives have been proposed under the United Nations Framework Convention on Climate Chang (UNFCCC) to promote and credit project-based GHG reduction activities. Figure 7 provides an overview of the mechanisms that are particularly relevant for project developers interested in creating natural gas vehicle (NGV) projects. In 1995, the Parties to the Convention established the Activities Implemented Jointly (AIJ) Pilot Phase, under which a framework for developing and implementing emission reduction projects jointly between two or more countries was developed. This concept is generally known as joint implementation (JI) (NETL, 2001 ). Global warming is another issue where energy questions will be the subject of considerable international political activity. It is an issue that raises key questions about politically sensitive topics such as national sovereignty and international equity. But the Kyoto conference attended by 160 countries in December 1997 and world summits such as the Rio and Montreal meetings showed that most governments feel the need to address the question. According to the Kyoto protocol, so-called Annex I countries (OECD Members plus economies in transition) must reduce their emissions of six greenhouse gases by at least 5 percent compared with 1990 levels over 2008-2012. Unfortunately, speculations on global warming were used as a "justification" for important political decisions. For example, in July of 2002 in California, Governor G. Davis signed the global warming control bill, which requires a dramatic cut in vehicle emissions of greenhouse gases (GHGs). This would mean higher production costs for automakers and higher prices for consumers. Thus the following question arises: should developed countries reduce their CO 2 emissions in compliance with the Kyoto Protocol? The answer is no, first because the effects of these cuts will be negligible and second because these cuts will result in economic disaster for developed countries (first of all the U.S.), causing huge economic losses and job cuts. On July 11, 2002, James L. Connaughton, the U.S. President's Advisor and the Chairman of the White House Council of Environmental Quality, told senators that withdrawal from this international treaty would preserve billions of dollars and millions of jobs. He stated that "the Kyoto Protocol would have cost our economy up to $400 billion (a year) and caused the loss of up to 4.9 million jobs, risking the welfare of the American people and American workers" (Khilyuk and Chilingar, 2003) .
Global warming and nuclear risks are dealt with on an international level, but risks linked to possible resource scarcity or soil degradation and land use are not the subject of international negotiations. In an expanding global economy still dependent on fossil fuels for 85% of its energy needs, reducing the releases in order to stabilize atmospheric CO 2 in an extreme task. CO 2 and CO are main GHGs associated with global warming. At the present time, coal is responsible for 30-40% of world CO 2 emissions from fossil fuels (Balat et al., 2003; Balat and Ayar, 2004; Demirbas, et al., 2004a; Demirbas et al., 2004b) .
Energy/Carbon Taxes
Between 1995 and 2020, world energy demand will grow by 66% and CO 2 emissions by 69% unless new policies are put in place to curb energy use and GHG emissions. World economic growth will continue at broadly the same rate of 3.1% p.a. from 1995 to 2020 as it has did over the previous 25 years.
In order to limit international emissions of GHGs the authorities introduced carbon taxes. These carbon taxes vary, however, both across different fuels and across industries. Emissions of all GHGs other than CO 2 are exempted from taxation (Godal and Holtsmark, 2001) .
Broad-based carbon/energy taxes are among the most promising and important of the emerging tools for promoting reductions in CO 2 emissions. The potential for relocating fuel-intensive production in low-tax nations is especially troubling because it damages the taxing nations industries without any corresponding benefit to the global environment (Nag and Parikh, 2000; Liaskas et al., 2000) .
Economic analysis of the potential effects of energy and carbon taxes yields important conclusions bearing on policy choices. Analysis suggest that it would take relatively high and substantially different levels of taxes between regions and countries to meet, in each country separately, the goal of stabilization of CO 2 and other greenhouse effect gas emissions (Dincer, 2001b) . Nevertheless, a carbon tax could contribute effectively to the reduction of emissions by increasing efficiency and improving the competitiveness of nonfossil energy sources.
The UNFCCC commits the industrialized country Parties (not the developing nations) to take lead in stabilizing greenhouse gas emissions. The stipulation is incorporated into the Convention because of the right sustain socio-economic development and the acknowledgment of the specific needs and special circumstances of developed countries.
Tradable emission permits are superior to carbon taxes because: unlike carbon taxes, they are a form of rationing and one can be sure of achieving the target agreed; a cost-efficient regime of international carbon tax would need to remove existing distortions in international energy markets to deny free-rider benefits to countries with lower pre-tax prices; emissions trading offers a built-in feature of resource transfers by emission sources to developing countries; and it is more attractive to firms than a tax (which extracts revenue from firms without offering compensation).
CONCLUSION
Energy is considered a prime agent in the generation of wealth and also a significant factor in economic development. The importance of energy in economic development has been recognized almost universally; the historical data attest to a strong relationship between the availability of energy and economic activity. The demand for energy is increasing at an exponential rate due to the exponential growth of world population. During the past two decades the risk and reality of environmental degradation have become more apparent. Growing evidence of environmental problems is due to a combination of several factors since the environmental impact of human activities has grown dramatically because of the sheer increase of world population, consumption, industrial activity, etc. Achieving solutions to environmental problems that we face today requires long-term potential actions for sustainable development.
Worldwide corcerns about global warming and acid rain have prompted many observes in industrialized countries to call for a decreased reliance on fossil fuels. States have played a leading role in protecting the environment by reducing emissions of GHGs. State emissions are significant on a global scale. CO 2 and CO are main greenhouse gases associated with global warming. At the present time, coal is responsible for 30-40% of world CO 2 emissions from fossil fuels. SO 2 and NO x contribute to acid rain.
Carbon assessments can play an important role in a strategy to control CO 2 emissions while raising revenue. In order to limit international emissions of GHGs, the authorities introduced carbon assessments. Regulations such as subsidies for oil, LPG,
